A quasi real-time inversion strategy is presented for groove characterization of a conductive non-ferromagnetic tube structure by exploiting eddy current testing (ECT) signal. Inversion problem has been formulated by non-iterative Learning-by-Examples (LBE) strategy. Within the framework of LBE, an efficient training strategy has been adopted with the combination of feature extraction and a customized version of output space filling (OSF) adaptive sampling in order to get optimal training set during offline phase. Partial Least Squares (PLS) and Support Vector Regression (SVR) have been exploited for feature extraction and prediction technique respectively to have robust and accurate real time inversion during online phase.
Introduction
Nowadays non-invasive inspection through non-destructive testing and evaluation (NDT-NDE) is becoming very popular area of research for different applications. Among different electromagnetic NDT (E-NDT) methods, lower frequency eddy current testing (ECT) is widely used for the assessment of the integrity of the structure under test (SUT) by means of defect or crack detection, localization and characterization. Within this context, the necessity of quicker and reliable inverse solutions becomes the main priority in many industrial applications. In general, inversion strategy can be classified into iterative and non-iterative methods. Standard iterative approaches based on deterministic or stochastic algorithms [1] - [4] can be too cumbersome due to the solution of several hundred up to thousands forward problems in order to minimize a suitable cost function. This aspect can be computationally expensive and time demanding tasks. Alternatively, non-iterative techniques have recently shown to be able to address quite successfully inversion issues [5] - [6] . Nevertheless, due to the limitations on certain probe assessment, they cannot be applied directly to any kind of NDE problems. Among the non-iterative approaches, kernel-based strategies [7] - [8] have been presented in the past years while Learning-by-Examples (LBE) strategies have been proposed recently for quasi real time inverse solution [9] - [10] . Following the presented work at [9] - [10] LBE strategy can be formulated in two phases. At the preliminary offline phase, a fast and accurate model is built by generating a training set of input-output (I/O) pairs. During the second phase (online phase), the developed model from offline phase is used to predict the output associated to an unknown test sample. The performance of different LBE strategies depends on the particular choice of the training set generation in terms of samples selection in parameter space and features extraction in ECT signal space. Towards this end, this work describes an adaptive-sampling strategy which combines Partial Least Squares (PLS) [11] feature extraction and output space filling (OSF) sampling [8] . This strategy aims to uniformly explore the extracted feature space to have enough information for training set generation. Finally a set of Support Vector Regressors (SVR) [12] are exploited for accurate and quasi (Fig. 1) . The tube is inspected by two coils which are excited by a time-harmonic current. The coils centred at ) is given by [13]     r r r ρ r r
I is the current flowing inside the coil while Eq. (1) can be expressed in implicit form by means of the forward operator  .
. CIVA [14] simulator is utilized for generating ECT signals associated to the coils differential impedance variation. The (unknown) inverse operator  . ]. Due to the complex nature of the ECT signals, the n-th input is represented by the set
measured features associated to the n-th output 
In Eq. (3)
. J is the number of extracted features ( 
Numerical validation
Let us consider a cylindrical metal tube (Fig. 1 Figure  2(a) shows the location of the sampling points in the of feature space (for graphical illustration, the resultant extracted feature space is shown for J=2). In Fig. 2(b) , the sampling points have been mapped into groove parameter space for 0 N initial and the successive  
